Nanomaterials based fluorescent agents are rapidly becoming significant and promising transformative tools for improving medical diagnostics for extensive in vivo imaging modalities.
Introduction
Recent bioimaging techniques have providing substantial platform for disease diagnosis and therapy. Since most of the diseases happen at cellular level, researchers face problems associated with viewing and understanding these processes exactly and in real time [1] .
Nanotechnology shows a preeminent role in all aspects of science and technology owing to the exclusive properties of nanoscale materials [2] . The newest developments in nanotechnology have led to extensive growth in the creation of different nanosized materials which includes wires, fibers, tubes and particles for multiplicity biomedical applications [3] . Nanoscience and nanotechnology are providing new approaches to tailored materials with enhanced applications such as targeted gene delivery, diagnostic devices, sensor and molecular level therapeutic approaches [4] . Fluorescent nanomaterials have recently been developed, offer plenty of opportunities in biomedical field [5] . The fluorescent nanomaterials are primarily used in imaging, disease diagnosis and understanding cellular level biological process. However, by reason of their toxic nature the usage is very limited [6, 7] , therefore we are in the need for developing less toxic fluorescent nanomaterials. On account of small size, diverse shape and high surface to volume ratio, the metal nanoparticles have typical physicochemical, optical, electrical and biological properties [8] . Moreover, the metal nanoparticles exhibit surface plasmon resonance (SPR) and surface enhanced Raman scattering (SERS) effect [9] .
The metal nanoparticles can be synthesized through various methods (Physical and chemical), and their synthesis using highly efficient biological methods is finding applications in the medicinal field [10] . When compared to other methods the biological way is not only environmental friendly, inexpensive and non-hazardous, but also for it can be used to synthesize large volumes of precisely sized and shaped nanomaterials [11] . Moreover, we have recently 4 reported that the medicinal plant aqueous leaf extract mediated silver, copper oxide and titanium dioxide nanoparticles exhibit antimicrobial, anticancer, photocatalytic, and wound healing activity [12] [13] [14] .
Curcuma longa (C. longa), normally called turmeric, is derived from rhizomes of the plant and has a long history of use in Indian Ayurvedic medicine [15] . Curcumin (1,7-bis (4-hydroxy-3-methoxyphenyl)-1,6-heptadiene-3,5-dione) is one of the major principal coloring bioactive compound present in the C. longa tuber powder and has extensive biological activity including anti-inflammatory, anti-oxidant, anti-carcinogenic, anti-ageing and anti-mutagenic effects [16] . Curcumin, a fluorescent molecule with emission properties highly dependent on the polarity of its environment, has been extensively considered for its photophysical and fluorescent enhancement properties [17] .
Generally fluorescent nanomaterials are synthesis by high energy ion beam radiation, laser ablation and electrooxidation methods [18] . These all have drawbacks in biomedical applications. The currently accessible fluorescence probes like organic dyes, fluorescent inorganic/organic nanoparticles and fluorescent proteins have inherent disadvantages such as reduced membrane permeability and susceptibility to photo-bleaching [19] . Probable toxic owing to their accumulation in the reticuloendothelial system the well characterized fluorescent quantum dots, carbon dots, silicon quantum dots and metal clusters usage also restricted in bioimaging field [20] . Therefore, synthesis of novel fluorescent materials with good biocompatibility, high fluorescence and low toxicity is still urgently required. In this paper, we demonstrate a simple one step environmental friendly synthesis of fluorescent metal nanoparticles using C. longa tuber powder. 
Materials and methods

Extraction preparation
The C. longa tubers were collected from the local market and washed thoroughly, air dried for two weeks to remove the moisture content, powdered in a mixer grinder, and sieved to a uniform size. The resulting turmeric powder was used in the present study.
Green synthesis of silver, copper and iron nanoparticles
Turmeric was suspended in 100 ml of deionized water in an Erlenmeyer flask and stirred for 5 h at room temperature. Silver nanoparticles were prepared by adding 5 mM silver nitrate (AgNO 3 ) solution in to the turmeric suspension followed by stirring for 24 h at room temperature. The resulting dark-brown colored silver nanoparticles were centrifuged at 12,000 rpm for 20 minutes and washed four to five times with deionized water. A similar procedure was used to synthesize copper and iron nanoparticles using 5 mM cupric sulphate (CuSO 4 ·5H 2 O) and 5 mM iron (III) chloride hexahydrate (FeCl 3 ·6H 2 O) solution respectively.
Characterization of metal nanoparticles
The turmeric-mediated metal nanoparticles were confirmed by UV-visible double beam spectrophotometer (UV-1601, Shimadzu, Japan), operating at 300-700 nm. The size and zeta potential distribution were attained by Malvern Zetazier (Nano ZS90, UK) instrument. The morphology and elemental composition of the synthesized metal nanoparticles were established by scanning electron microscopy (SEM) with energy-dispersive X-ray spectroscopy (EDAX) (VEGA3 TESCAN, 30.0 KV). Fourier transform infrared spectroscopy (FT-IR) was achieved by 6 spectrum RX-1 instrument in diffuse reflectance mode operated at a resolution of 4 cm -1 , range of 4000-400 cm −1 . X-ray diffraction (XRD) patterns were obtained using a powder X-ray diffractometer (Philips X'Pert Pro X-ray diffractometer) in 2θ range from 10° to 80°.
Hemolysis assay
The biocompatibility of green synthesized metal nanoparticles can be confirmed by sample absorbance -negative control Percentage of hemolysis = x 100 positive control -negative control
Fluorescence spectra
Emission spectra of turmeric-mediated metal nanoparticles (100µg/2mL of distilled water) were obtained using a Perkin Elmer-LS55 spectrofluorometer operating at an excitation wavelength range of 400-700 nm. 7 
Cell culture
The human non-small cell lung cancer A549 cells were obtained from the National Center for Cell Science, Pune, India. They were cultured in Dulbecco's modified Eagle's medium supplemented with 10 % fetal bovine serum and 1 % penicillin/streptomycin.
In-vitro cellular imaging
For cellular imaging, 5 × 10 5 cells were seeded on a cover slip in 6-well plate and incubated overnight for attachment. After successful attachment the cells were treated with fresh medium containing metal nanoparticles such as silver, copper and iron nanoparticles, and incubated for 6 h. At the end of incubation the cover-slip was washed with PBS solution and cell images were captured using 20× objectives (Blue, red and green filter) under fluorescence microscope.
Results and discussion
Mechanism of fluorescence metal nanoparticles formation
Much research has demonstrated that C. longa tuber powder has natural fluorescence due to the presence of curcumin, some studies have been carried out to investigate the interaction between metals and curcumin [21] [22] [23] to show that the curcumin keto and enol group oxygen lone pairs interact with acceptor orbital of metal ions, and may act as a strong reducing, encapsulating and stabilizing agent for the formation of fluorescent metal nanoparticles (Fig. 1) .
In the present study, we explore the formation of fluorescent metal nanoparticles under the influence of turmeric. 
Synthesis of fluorescence metal nanoparticles
The metal nanoparticles were synthesized by simple reduction turmeric [24] . The C.
longa tuber powder was originally yellow in color (Supplementary Fig. 1(a) Fig. 1(b, c, d) ). This might be due to the excitation of surface plasmon vibrations in the nanoparticles [25] . The reduction of silver, copper and iron ions were subjected to analysis through the UV-Vis spectrophotometer. The C. longa tuber powder did not show any correspondence absorbance peak under UV-Vis spectra ( Fig. 2(a) ), whereas the C. longa tuber powder mediated silver, copper and iron nanoparticles in the colloidal solution shows absorbance peak at 440 nm, 235 nm and 250 nm ( Fig. 2(b, c, d) ), respectively.
The frequency and width of the surface plasmon absorption predominantly depends on the size and shape of the metal nanoparticles [26] .
Characterization of fluorescence metal nanoparticles
Dynamic light scattering (DLS) analysis is mainly used to find out the size and surface charge of the nanomaterials, and indirectly expresses stability of the nanoparticles [14] . The DLS analysis shows turmeric mediated silver, copper and iron nanoparticles mean particle size to be 102 nm, 190 nm and 215 nm ( Fig. 3(a, b, c) ), respectively. Zeta potential distribution displayed a negative potential of about -35 mV, -26.7 mV and -15.5 mV respectively (Fig. 4(a, b, c) ). From the Zeta potential distribution results, it is clear that the higher negative charge of silver nanoparticles compared with other nanoparticles might be due to the high concentration of bioactive compounds capped in the silver nanoparticles surface. Among the three green synthesized metal nanoparticles, silver nanoparticles showed lowest particle size distribution, 9 and the particles had high stability in the colloidal solution. It has been reported that the size and surface charge plays a main role in regulating biological efficiency of the synthesized nanoparticles which also helps to prevent agglomeration [12, 27] .
SEM results, presented in Fig. 5(a, b, c) demonstrated that the synthesized silver, copper and iron nanoparticles are spherical in shape and evenly distributed throughout the colloidal solution. When compared with silver nanoparticles the copper and iron nanoparticles show some agglomeration. The EDAX analysis is a promising tool for understanding the elemental composition of the synthesized metal nanoparticles. As shown in Supplementary Fig. 2(a, b, c) silver, copper and iron nanoparticles exhibit strong elemental peak of silver, copper and iron respectively.
In the present study, FT-IR was used to confirm the role of bioactive components present in C. longa tuber powder in the metal nanoparticles formation [13] . [28] . In our FTIR analysis silver, copper and iron nanoparticles exhibited similar peaks (Fig. 6(b, c, d) ) which correlate well with the FTIR spectrum of C. longa tuber powder (Fig. 6(a) (220) and (311) of fcc structure of silver ( Fig. 7(a) ). The XRD patterns noticeably disclose the green synthesized silver nanoparticles are crystalline in nature ( Fig. 7(a) ). Copper and Iron nanoparticles lack XRD distinct diffraction peaks, specified that the nanoparticles are amorphous in nature (Fig. 7(b, c) ). Njagi et al reported that the plant extract mediated some metal nanoparticles are amorphous in nature [29] .
Hemolysis assay
If nanomaterials are to be used for imaging, they should be biocompatible and hence suitable for its in vivo biological applications. The hemolysis assay is a well-accepted method to confirm the biocompatibility [30] . The green synthesized silver, copper and iron nanoparticles were evaluated for biocompatibility in mice RBCs. The hemolysis assay result displays less than 1% of hemolysis happened in metal nanoparticles treated group which is very much near to negative control (PBS), whereas positive control (water) treated group shows 100% hemolysis ( Supplementary Fig. 3 ). According to ISO/TR 7406 the critical safe bio materials hemolytic ratio should be below 5% [31] . An enormous recent research report showed green synthesized metal nanoparticles were biocompatible under optimum concentration [32] . Our hemolysis results
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indicate that the turmeric-mediated fluorescent metal nanoparticles have good hemolytic biocompatible and therefore may be suitable agents for in vivo imaging purposes.
Fluorescence assay and in vitro cellular imaging
The fluorescence emission of C. longa tuber powder and metal nanoparticles were confirmed using spectrofluorometry. As shown in Supplementary Fig. 4 , C. longa tuber powder
including green synthesized metal nanoparticles shows emission spectra at 535 nm [33] . When compared with metal nanoparticles, C. longa tuber powder emitted maximum intensity under spectrofluorometry due to the presence of curcumin ( Supplementary Fig. 4(a) ). The metal nanoparticles reduced fluorescence intensity when compared with C. longa tuber powder due to the quenching effect of nanoparticles. Among the three different metal nanoparticles, silver nanoparticles emitted high fluorescence, copper nanoparticles shows reduced fluorescence intensity and iron nanoparticles displays very less fluorescence emission at 535 nm under spectrofluorometry ( Supplementary Fig. 4(b, c, d) ). The spectrofluorometry results strongly indicate that the curcumin present in the turmeric has capped in the metal nanoparticles.
To investigate the utility of the metal nanoparticles as tools for imaging applications, we have performed in vitro cellular imaging experiments in human lung cancer A549 cells [34] . The A549 cells were treated with turmeric-mediated metal nanoparticles for 6 h and then examined by fluorescence microscopy. The analysis results show that the metal nanoparticles are actively take up by the A549 cancer cells, and emitted fluorescence under fluorescence microscope, while the control cells was colorless where no metal nanoparticles was used ( Fig. 8(a, b, c, d) ). This result confirms that metal nanoparticles can able to penetrate in A549 cells, and can be certainly detected using fluorescence microscope [35] . Moreover, in vitro cell image of the silver 12 nanoparticles in A549 cells are well interconnected with our results of spectrofluorometry. Based on previous reports and our present findings we are sure that, the C. longa tuber powder mediated silver nanoparticles are nontoxic and can be used for biological applications [36, 37] .
The C. longa tuber powder mediated high fluorescent natured silver nanoparticles are potentially a useful tool for imaging and biomedical applications.
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Conclusion
In this work, fluorescent natured metal nanoparticles were successfully synthesized using C. longa tuber powder. The C. longa tuber powder have bioactive compounds performed the role of reducing agent for formation of the nanoparticles and subsequently caps the particles to impart fluorescence. Among different metal nanoparticles, the silver nanoparticles showed smaller monodispersed particles, and high Zeta potential distribution in the colloidal solution. Moreover, silver nanoparticles displayed face-centred cubic structure with crystalline in nature.
Furthermore, spectrofluorometry and fluorescence microscopy studies showed silver nanoparticles was emitted high fluorescence and is actively take up by the A549 lung cancer cells. The cost effective, ecofriendly and high fluorescent natured silver nanoparticles can be incorporated as an innovative agent for biomedical applications specially in cancer theragnosis. 
